A conceptual framework for the lean research and development by Mohd. Hamel, Nabila et al.
 
Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 
 
International Journal of Engineering & Technology, 7 (3.25) (2018) 316-320 
 
International Journal of Engineering & Technology 
 
Website: www.sciencepubco.com/index.php/IJET  
 
Research paper 
 
 
 
 
A Conceptual Framework for the Lean Research and  
Development 
 
Nabila binti Mohd Hamel
1
*, Tan Owee Kowang
2
, Goh Chin Fei
3
 
 
1,2,3Universiti Teknologi Malaysia, 81310, Johor Bahru, Johor, Malaysia 
*Corresponding author E-mail: nmhamel86@yahoo.com 
 
 
Abstract 
 
Both lean R&D soft practices success factor and lean R&D tools and techniques are the improvement strategies to reduce cost, increase 
speed and deliver superior quality in R&D organization. In order to achieve higher performance, an R&D organization needs to adopt 
both lean R&D soft practices success factor, and lean R&D tools and techniques. Therefore, the main objective of this paper is to review 
the relationship among lean R&D soft practices success factor, lean R&D tools and techniques, and R&D based organization perfor-
mance. After an extensive review of literature, a new lean R&D model in R&D based organization is developed with an objective of 
developing a theoretical knowledge for R&D based organization in order to understand more systematically the relationship among lean 
R&D soft practices success factor, lean R&D tools and techniques, and R&D based organization performance. The proposed model ex-
amines the impact of lean R&D tools and techniques as the mediating effect between lean R&D soft practices success factor and R&D 
based organization which has not been evaluated earlier. The paper also includes a review to identify existing theoretical perspectives 
that could be considered as a basis for the creation of a new conceptual framework of lean R&D. 
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1. Introduction 
Nowadays, research and development (R&D) activities have been 
growing in the manufacturing industries especially in the comput-
ers and electronics, transportation equipment and chemical indus-
tries [1]. Due to rapid changes in technology and globalization 
trade, most manufacturers initiated R&D activities to ensure their 
products or services are continuously innovated to increase and 
sustain the competitive advantage [2]. As such, R&D success 
factors such as managerial factor, capital, technology, and em-
ployee involvement are essential to the manufacturer in order to 
gain sustainable competitive advantage. However, applying R&D 
success factors only to R&D activities can cause financial devasta-
tion, supply disruption,  waste overproduction, and excess high 
technology due to overinvestment [3]. A study conducted by 
Skaife, Swenson and [4].Suggested that overinvestment in R&D 
results in a more severe decline in organization performance com-
pared to underinvestment in R&D. Therefore, lean R&D imple-
mentation is an important strategy to improve R&D activity. The 
literature review found that there are very few empirical studies 
that examine the lean R&D implementation compared with the 
studies on lean manufacturing [5]. Based on the Theory of Con-
straint introduced by Eliyahu M. Goldratt (1984), then it could 
also be applied in R&D as the objectives of TOC and the lean 
itself are similar which is to increase the profit of an organization. 
There are two practices for lean R&D implementation, namely the 
lean R&D soft practices success factor, and lean R&D tools and 
techniques (LRDTT). Lean R&D soft practices success factor is 
concerned with the social aspect that involves human relations 
such as the managerial factor; supplier and customer involvement; 
skills and expertise; financial capability; and technology whereas 
the lean R&D hard practices success factor refers to lean tools and 
techniques [5]. Successful implementation of lean is not merely 
due to hard lean elements but it must be supported by soft practice 
to achieve superior performance [6]. Based on the theory of Re-
source-based , the competitive advantage can be achieved and 
sustained when an organization employs tangible and intangible 
resources whereby the tangible resources refer to technical prac-
tices such as tools and techniques while intangible resources are 
anything related to human practices such as commitment, culture, 
and knowledge. Therefore, the research explores the relationship 
among the lean soft practices success factor, lean tools and tech-
niques (LTT), and R&D based organization performance. Based 
on these three factors, the lean soft practices success factor is ex-
tremely influential to the success and survival of R&D organiza-
tion but still insufficient in today’s business[7]. Besides, numerous 
studies have discovered positive relationship between LTT and 
organization performance [8]. However, all the studies mentioned 
are focused mainly on direct relationship. According to the System 
Theory introduced by Bertalanffy L. V. (1968), a complex prob-
lem could be reduced to a set of simpler problems by addressing 
each process in the system since it is easier to control any poten-
tially confounding influence. Hence, this paper aims to close the 
literature gap by proposing LRDTT as the potential mediator be-
tween lean R&D soft practices success factor and R&D organiza-
tion performance. 
2. Literature Review 
Lean principles have been applied across a wide range of manu-
facturing industries including the food and beverage sector; rubber 
and plastic sector; metals sector; textiles sector; chemical sector; 
communication and electronic equipment sector; automotive sec-
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tor; and medical equipment sector [9]. This suggested that the lean 
transformation to the manufacturing industry is well established; 
however, it is relatively new and has limited reported benefits and 
approaches. The best practice was inherited from the manufactur-
ing industry; when applied to R&D based organizations it can 
generate large economic and financial results as well as increase 
process efficiency. Therefore, there is still a great need to explore 
the determinants of lean R&D success to the R&D based organiza-
tion performance. Although most of the findings of lean soft prac-
tices success factors provided by previous studies focused on the 
manufacturing industry, they can also be used in an R&D envi-
ronment since it is one of the entities in the manufacturing indus-
try. 
2.1. Lean R&D Soft Practices Success Factor 
Lean soft practices success factors are associated with the intangi-
ble resources that have no physical presence but can still be owned 
by the R&D organization [10]. Based on the literatures, lean soft 
practices success factors are the main resource of sustainable 
competitive advantage [11]. The lean R&D soft practices success 
factors are defined as the determinants of R&D success which is 
related to non-technical practices that directly influence the R&D 
based organization performance. The common sets of lean R&D 
soft practices success factors suggested by prior researchers are 
summarized in Table 1.0 which consist of managerial factor; sup-
plier and customer involvement; skills and expertise; financial 
capability; technology; and transformational leadership. 
2.2. Lean R&D Tools and Techniques 
Generally, the implementation of LRDTT can help organization 
maximize profits by removing waste, variability, and overburden; 
and delivering improvements in specific areas [10]. Prior research 
suggested that lean tools and techniques can be categorized into 
three phases of R&D activities: design, development, and valida-
tion. Different sets of LRDTT are required for each phase to re-
duce the misuse of LRDTT or the misapplication of tools in im-
proper activities or for improper purposes [12]. Table 2.0 summa-
rized the LRDTT category based on R&D activities. 
2.3. R&D Based Organization Performance 
Organization performance refers to how well an organization is 
doing to reach its vision, mission, and goals. The success of an 
organization can be evaluated by a variety of performance meas-
urement frameworks [13]. Numerous studies have been conducted 
to investigate the R&D based organization performance such as 
competencies of the team members, stakeholder satisfaction, ef-
fectiveness of the operational procedure, and capability of deliver-
ing output [14]. Although most of the findings of R&D based 
organization performance have been provided by previous studies, 
they can be used in the R&D environment as well since the R&D 
environment is one of the entities in the manufacturing industry. 
Different variables of organization performance have been identi-
fied by prior researchers as illustrated in Table 3. 
3. Theoretical Framework Discussion 
Theoretical framework can be used as a guide for logically devel-
oping and understanding the interconnection of each part or varia-
ble of the literature review and ultimately help to improve the 
ability for predictions [15]. Based on the literature review, it is 
proposed that a lean R&D model can be considered from three 
possible theory, which are theory of constraint, resource-based 
view, and system theory. 
 
 
3.1. Theory of Constraint 
At the starting point, the Theory of Constraint (TOC) is used to 
understand how the lean is influenced by and how it influences the 
manufacturing companies as well as how they interact within the 
R&D environment. The theory proposed that since every system 
has at least one constraint or bottleneck that stands in the way of 
achieving a goal, profit can be increased by increasing throughput 
in the process [16]. The lean R&D concept is to increase profit, 
eliminate waste and add value by considering the entire process, 
operation or supply network from the customers’ perspectives [17]. 
Therefore, TOC can be adapted in the lean concept as the goals of 
lean R&D since they have similar goal which is to increase profit 
but by using different approaches. Table 4 summarized the simi-
larities of TOC and Lean R&D. 
 
Table 1: Similarities of TOC and Lean R&D 
Similarities Theory of constraints Lean R&D 
Overall objec-
tives 
To increase profit by 
increasing the 
throughput of a pro-
cess or operation 
To increase profit by adding 
value from a customer per-
spective 
Measures of 
effectiveness 
- Throughput 
- Inventory 
- Operating expense 
- Cost 
- Throughput time 
- Value-added efficiency 
Achieve im-
provement by 
… 
Focusing on the con-
straints (the weakest 
links) in the process 
Eliminating waste and add-
ing value by considering the 
entire process, operation or 
supply network 
How to imple-
ment? 
A five step, continuous 
process emphasizing 
acting locally 
Continuous improvement 
emphasizing the whole 
supply network 
 
As such, it can be said that lean could be applied in R&D based 
organization to create competitive advantages. 
 
 
 
 
 
 
Fig. 1: Application of theory of constraint in Lean R&D 
3.2. Resource-Based View 
The next level of theory is related to how an organization execute 
their business and is more focused on the tactical element in help-
ing companies achieve higher organizational performance. For this, 
Resourced-based View (RBV) addressed two resources, namely 
the tangible resources and intangible resources. Tangible resources 
are physical things such as land, building, machinery, equipment, 
and capital. The physical resources can easily be bought in the 
market so they can confer little advantage to the companies in the 
long run because rivals can soon acquire identical assets. Intangi-
ble resources are everything else that has no physical presence but 
can still be owned by the company such as brand reputation, 
trademarks, and intellectual property. Unlike tangible resources, 
the intangible resources are built over a long time which compa-
nies cannot buy from the market. Usually intangible resources stay 
within a company and are the main resource of sustainable com-
petitive advantage. This theory is particularly relevant to the lean 
R&D model as it utilized the common resources that help an or-
ganization in the manufacturing industry to generate maximum 
profits. In the lean R&D model, the intangible resources refer to 
lean R&D soft practices success factors while the tangible re-
sources refer to lean R&D tools and techniques. Since all the or-
ganization’s goals in the manufacturing industry are to achieve 
and sustain the competitive advantage, eventually this competitive 
advantage leads to improved business performance. In conclusion, 
Lean R&D R&D based organi-
zation competitive 
advantage 
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the theory can be applied in the lean R&D model as shown in 
Figure 2. 
 
 
 
 
 
 
 
 
Fig. 2: Application of resource-based view theory in Lean R&D 
3.3. System Theory 
At the most detailed level, the lean R&D model could be re-
searched using a system theory which seeks to explain the whole 
system with a particular focus on the interaction of the system 
within the system. System theory is an interdisciplinary theory 
about the nature of complex systems in nature, society, and sci-
ence and is a framework by which one can investigate and/or de-
scribe any group of objects that work together to produce some 
results [18]. The fundamental system-interactive paradigm of or-
ganizational analysis features the continual stages of input, 
throughput (processing), and output which demonstrate the con-
cept of openness and closeness. A system is an organized collec-
tion of independent but interrelated elements or components to 
accomplish an overall goal. The researcher has defined an organi-
zation as a system which has various inputs that are processed to 
produce outputs. The inputs include resources such as lean R&D 
success factors. Inputs are processed to produce the output of the 
organization. Outputs can be goods or services which result from 
the system’s throughput or processing of technical, social, finan-
cial, and human input [18]. Throughput is the process used by the 
system to convert inputs from the system that are usable by either 
the system itself or the environment such as diagnosing, planning, 
decision-making, and tools [18]. In the lean R&D model, lean 
R&D soft practices success factor refers to inputs while lean R&D 
tools and techniques refer to throughput. This makes sense as the 
lean R&D tools and techniques could not be properly utilized 
unless the practitioner knows how the lean R&D tools and tech-
niques are utilized, whereby the know-how factor is one of the 
lean R&D soft practices success factors. From this review, it can 
be concluded that the system theory is included in the proposed 
conceptual framework (Figure 3). 
 
 
Fig. 3: Application of system theory in Lean R&D 
4. Research Hypotheses 
4.1. The Relationship between lean R&D Soft Practices 
Success Factor and R&D based Organization 
Most of the researchers found that the lean soft practices success 
factors were significantly correlated with organization perfor-
mance [11, 15]. In contrast, other studies showed that the lean soft 
practices success factors did not improve organization perfor-
mance [20, 21]. Other findings show a partial correlation between 
lean soft practices success factor and organization performance. 
This research argued that the non-significant relationship drawn 
by prior researcher were because the studies only covered limited 
factors of lean soft practices success factor [22]. Thus, organiza-
tions need to find and implement a suitable soft practice success 
factor in order to sustain excellent performance. Based on the 
discussion above, the hypothesis of this study is indicated below: - 
H1: Lean R&D soft practices success factor is positively correlated 
with R&D based organization performance 
 
4.2. The Relationship between Lean R&D Soft Practices 
Success Factor and Lean R&D Tools and Techniques 
Resource-Based View 
 
According to previous results, there are positive relationships 
between lean soft practices success factor and lean tools and tech-
niques [23]. Organizations are unable to move forward until the 
management staff understand the concept of lean manufacturing 
and how they will be implemented [24]. Furthermore, one of the 
major reasons for the unsuccessful implementation of lean manu-
facturing is the typical behaviour exhibited by people in the work-
place who are known to be incapable of developing trust and gain-
ing commitment [25]. Several researchers emphasized that the full 
benefits of a set of lean tools and techniques cannot be experi-
enced in the business sector until all soft practices success factors 
associated with the implementation of the techniques are recog-
nized, fully understood and addressed [26,24]. Based on the dis-
cussion above, the hypothesis of this study is suggested below:-  
 
H2a: Lean R&D soft practices success factor is positively correlat-
ed with lean tools and techniques. 
4.3. The Relationship between LRDTT and R&D Based 
Organization Performance 
Lean tools and techniques are selected to improve the process as 
well as to increase the quality by reducing the rework and scrap 
rate; labour costs; material costs; and overhead cost which will 
ultimately decrease the product costs and increases revenue [27, 
28, 29]. As stated by [27], the adoption and effective implementa-
tion of lean tools and techniques shall enhance organization per-
formance. Although most of the studies of lean tools and tech-
niques are focused on the manufacturing environment, there are 
certain lean tools and techniques that are applicable to the R&D 
environment. Therefore, it is important to explore deeper to identi-
fy the relationship of lean R&D tools and techniques with R&D 
based organization performance. Based on the discussion, the 
hypothesis is therefore suggested below: - 
 
H2b: Lean R&D tools and techniques is positively correlated with 
R&D based organization performance 
4.4. Mediating Effect of Lean R&D Tools and Tech-
niques between Lean R&D Soft Practices Success Fac-
tor and R&D Based Organization Performance 
The implementation of the lean tools and techniques can simulta-
neously decrease costs and increase quality. Thus, lean manage-
ment which refers to lean soft practices success factor is supposed 
to be a high-class method for improving the whole organization 
performance. There are no empirical studies to indicate that lean 
tools and techniques is the mediator between lean soft practices 
success factor and organization performance. However, a study 
performed by [30, 6] suggested that an organization must consider 
and be rational when integrating hard lean practices and soft lean 
practices despite the extremely influential role and contribution of 
soft lean practices to the success and survival of lean implementa-
tion. This is supported by [31] who emphasized that employee 
engagement and empowerment are critical even though technical 
aspects are relevant and act as drivers for an initial process inno-
vation using lean tools and techniques in maintaining process 
innovation. According to [21], an effective interaction between 
lean and sustainable efforts enables the manufacturing organiza-
tions to explore new ways of improving operational and environ-
mental performance. Some of the issues that need contemporary 
focus include active involvement of staff in planning and imple-
Lean R&D 
Soft Practic-
es Success 
Factor 
R&D based 
organization 
competitive 
advantage 
Lean R&D 
Tools & 
Techniques 
Lean R&D Soft 
Practices Success 
Factor R&D based organi-
zation competitive 
advantage Lean R&D Tools 
and Techniques 
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menting lean events with environmental opportunities; and elimi-
nate environmental waste using lean process involvement tools. 
Meanwhile, [32] hypothesized that a mediation has occurred when 
all the relationships between each variable in the system were 
found statistically significant. This has been supported by the un-
derlying theory in the formulation of proposition regarding the 
effect of lean R&D success factor; lean R&D tools and tech-
niques; and R&D based organization performance, which are 
Theory of Constraint, Resource Based View Model, and System 
Theory. Based on the discussion, the hypothesis is therefore sug-
gested below: 
 
H3: Lean R&D tools and techniques in R&D activity is a mediator 
between lean R&D soft practices success factor and R&D based 
organization performance 
5. Conceptual Framework 
The research conceptual model is presented in Figure 4. The mod-
el has been developed based on the literature review on lean tools 
and techniques between lean soft practices success factor and 
organization performance. LRDTT is a supporting practice for 
lean R&D soft practices success factor associated with R&D 
based organization performance. A structural equation modelling 
(SEM) techniques is employed to examine the relationships be-
tween various-model latent.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Proposed conceptual model of R&D with mediation effect of 
LRDTT 
6. Conclusion  
The relationship of lean R&D soft practices success factor with 
LRDTT is important to provide a practical platform for Malaysia. 
Based on previous studies, the relationship between lean soft prac-
tices success factor and organization performance is inconsistent. 
However, there have been significant amount of studies conducted 
regarding the connection of the LTT with organization perfor-
mance and the connection of the lean soft practices success factor 
with LTT. The review of theoretical framework, namely TOC, 
RBV and System Theory amplified the mediating effect of lean 
R&D tools and techniques between the relationship of Lean R&D 
soft practices success factor and R&D based organization perfor-
mance. Furthermore, there have been limited research carried out 
on R&D activity. Therefore, there is a need to identify LRDTT as 
a mediator between lean R&D soft practices success factor and 
R&D based organization performance as the conceptual frame-
work. There are four hypotheses regarding the relationship among 
the specified variables. The conceptual framework has been pro-
posed for future work to provide researchers with an understand-
ing of the importance of lean R&D soft practices success factor – 
LRDTT and to encourage manufacturers to build their competi-
tiveness. 
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